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Abstract 
The study is devoted to the study of the flow in a rectangular channel with dumbbell-shaped dimples. The study was performed 
"on the basis of the numerical solution of the equations of Navier-Stokes. The numerical solution is obtained with a finite volume"
"method in the Code Saturne software package. Adequacy of the implemented model was proved by comparing the numerical solution"
for the flow in a rectangular channel with a single spherical dimple with known experimental data of V. Terekhov and V.  
Voskoboinik. The study showed up to 5 % lower head loss of channel with dumbbell-shaped dimples compared to one with 
spherical dimples. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ICIE 2016. 
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1. Introduction  
Engineering systems include heat exchangers as well as piping. Therefore, the effectiveness of these systems 
mainly depends on head losses and efficiency of heat transfer. Intensification of heat exchange is commonly 
achieved by developed heat-transfer surfaces, heat pipes or pulsations of heat-transfer medium [1-3]. Those methods 
result in additional head losses in heat-exchangers and pipelines. In this context, implementation of intensification 
methods with low extra head losses is a crucial task. Dimples give lower hydraulic resistance compared to fins of 
various profile [4-6]. Furthermore head loss of channel with dimples mainly determined by their profile, 
arrangement and inclination towards the flow [7-9]. At the same time optimization of dimples profile and their 
allocation in order to lower head losses and to intensify heat-transfer requires numerous experiments. This can be 
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achieved by conducting numerical experiments with open source software packages e.g. Code Saturne [10]. 
Conducted research devoted to the study of flow in a channel with a dumbbell-shaped dimples with original profile.  
2. Research  
In numerical solution of flow hydrodynamics in a rectangular channel with dumbbell-shaped dimples, made on 
one of the channel surfaces, RANS modeling approach was implemented. Open source software package Code 
Saturne [10] was used. Averaged Reynolds Navier-Stokes equations for turbulent flow for u u uc  were written 
as follows: 
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where l TP P P   – dynamic viscosity; U  – density; u  – velocity; *  – mass source coefficient;   – Hamiltonian 
operator; P  – pressure;   . tr – trace of tensor; g  – gravity; uST , Ku – explicit and implicit source while K is a 
symmetric positive tensor; lP – molecular viscosity; TP  – turbulent viscosity; R u uc c{  – absolute term. 
For models that assume the Reynolds stress tensor to be aligned with the strain rate tensor of the mean flow: 
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where k  – kinetic energy of turbulent pulsations,  0.5k tr R{  ;  0.5 TS u u{   .
Dimpled surface produce a wide range of Reynolds numbers, therefore combined model k-Ȧ SST [10,11] was 
used. 
2.1. Model verification 
Adequacy of implemented model was proved by comparing obtained numerical results calculated with software 
package Code Saturne [10] with available experimental data [12-14]. These results [12-14] were obtained during 
studies conducted independently for similar rectangular channel with a single dimple, but different measurement 
tools were used. Rectangular channel 0.2 x 0.015 m had length of 1.34 m. A single sharp-edged dimple with 
diameter D = 0,046 m was made on the axis of the channel at l1~11D from inlet. The working medium (water) was 
treated as an incompressible fluid. Inlet velocity of 0.43 m/s provided turbulent flow with ReD=20000. 
A symmetry assumption was made to reduce computational effort. A symmetry plane was placed through axis of 
the dimple. This assumption was based on analysis of experimental data [12-14]. Structured mesh was generated 
with prismatic layers along the walls. Total number of volumetric elements was 878977. Code Saturne allows 
setting Dirichlet, Neumann and Robin boundary conditions. The second-order scheme (SOLU) has been used for 
velocity equation in Code Saturne, while kinetic energy of turbulent pulsations was calculated with first-order 
scheme (Upwind). The pressure field was calculated by multigrid linear solver with up to 10000 iterations per inner 
loop and maximum precision of 10-8. Iterative time scheme was set with 0.0001 s time step, totaling 2000 iterations. 
Steady-state formulation allowed using SIMPLE algorithm for solving continuity and Navier-Stokes equations. 
Sufficient resolution of mesh in boundary layer (y+ < 1) provided accurate results. 
Adequacy of implemented model was proved by pressure coefficient in wall boundary layer, which was 
calculated according to Terekhov [12] as follows: 
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where pi – pressure (nodal value); p0 – pressure at the beginning of zone of interest; ȡ – water density; ǌs – mean 
velocity of water in experiment. Fig. 1 shows calculation results for pressure coefficient and pressure distribution in 
single spherical dimple. 
Fig. 1. (a) pressure coefficient; (b) pressure distribution in dimple. 
One can see good agreement of obtained modeling results and experimental data [12-14]. Therefore the 
implemented model could be considered as adequate [11, 15]. Obtained results showed presence of eddies in dimple 
that were discussed in previous studies [7, 8, 12-14, 16-20]. 
2.2. Description of computational model 
Computational domain was a straight channel (L = 120 mm) with rectangular profile (a x b = 70 x 20 mm). One 
wall of the channel had shallow dimples (h/D=0.137, Sdimple= 59.76 mm2) distributed evenly in 3 rows with 6 
dimples per row. A research was conducted for spherical and dumbbell-shaped dimples with identical depth and 
footprint area. Modeling conditions: working medium – perfect gas (ȡ = 1.205 kg/m3, ȝ = 1.7.10-5Pa.s and cP = 1005 
J/kg at 101325 Pa), gravity g = 9.81 m/s2, Reynolds number Re 21973l u l X    (hydraulic diameter 0.031l  m
and kinematic viscosityX , m2/s). Equations for pressure, velocity and energy of turbulent pulsations were calculated 
with schemes and solvers described above. The problem was in steady-state formulation.  
2.3. Results and discussions 
Fig. 2 shows numerical results for distribution of velocity fields in rectangular channel with spherical and 
dumbbell-shaped dimples. 
One can see a significant impact of dimples on flow structure. Furthermore inclination of dumbbells towards flow 
direction has been impacted the development of laminar zones with low velocities. 
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Fig. 2. Distribution of velocity fields for a channel (a) with spherical dimples; (b) with dumbbell-shaped dimples. 
Distribution of pressure coefficient in near wall layer is presented on Fig. 3. Results correspond to midsection of 
central spherical dimple at maximum diameter; therefore two sets of results were showed for dumbbell-shaped 
dimples. The y+ < 1 from the third row of dimples downstream in the channel. The analysis of the results are 
prepared from fourth row (y/l>1.5) of dimples. 
Fig. 3. Pressure coefficient for a channel (a) with spherical dimple; (b) with dumbbell-shaped dimples. 
Obtained results show lower pressure at the entrance to the dimple (about 3/4 of dimple diameter) then follows 
the zone of slightly higher pressure. There was also a narrow zone of negative pressure (relative to inlet pressure) at 
the far edge of the dimple. This pattern appeared to be a common pressure distribution for spherical dimples and 
both parts of dumbbell-shaped dimples (axis-symmetric). Moreover total head losses with dumbbell-shaped dimples 
were lower (see Fig. 3). This shows an implementation potential for dumbbell-shaped dimples in engineering and 
gas-distribution systems [21-22]. 
3. Conclusion  
There is a pressure drop at the entrance to the dimple (about 3/4 of dimple diameter) which is followed by zone 
of slightly higher pressure and then a narrow zone of negative pressure (relative to inlet pressure) at the far edge of 
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the dimple. Conducted research proved a 5 % drop of head loss when using proposed design of dumbbell-shaped 
dimples. 
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